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Abstract—2QH RI WKH VLJQLILFDQW LVVXHV IDFLQJ ZHE XVHUV LV WKH
DPRXQW RI QRLVH LQ ZHE GDWD ZKLFK KLQGHUV WKH SURFHVV RI ILQGLQJ
XVHIXO LQIRUPDWLRQ LQ UHODWLRQ WR WKHLU G\QDPLF LQWHUHVWV &XUUHQW
UHVHDUFKZRUNVFRQVLGHUQRLVHDVDQ\GDWDWKDWGRHVQRWIRUPSDUWRI
WKHPDLQZHESDJHDQGSURSRVHQRLVHZHEGDWDUHGXFWLRQWRROVZKLFK
PDLQO\ IRFXV RQ HOLPLQDWLQJ QRLVH LQ UHODWLRQ WR WKH FRQWHQW DQG
OD\RXWRIZHEGDWD7KLVSDSHUDUJXHVWKDWQRWDOOGDWDWKDWIRUPSDUW
RI WKH PDLQ ZHE SDJH LV RI D XVHU LQWHUHVW DQGQRW DOO QRLVH GDWD LV
DFWXDOO\QRLVHWRDJLYHQXVHU7KHUHIRUHOHDUQLQJRIQRLVHZHEGDWD
DOORFDWHGWRWKHXVHUUHTXHVWVHQVXUHVQRWRQO\UHGXFWLRQRIQRLVLQHVV
OHYHO LQDZHEXVHUSURILOHEXWDOVRDGHFUHDVH LQ WKH ORVVRIXVHIXO
LQIRUPDWLRQKHQFHLPSURYHV WKHTXDOLW\RIDZHEXVHUSURILOH1RLVH
:HE 'DWD /HDUQLQJ 1:'/ WRRODOJRULWKP FDSDEOH RI OHDUQLQJ
QRLVHZHEGDWD LQZHEXVHUSURILOH LVSURSRVHG7KHSURSRVHGZRUN
FRQVLGHUV HOLPLQDWLRQ RI QRLVH GDWD LQ UHODWLRQ WR G\QDPLF XVHU
LQWHUHVW ,QRUGHU WRYDOLGDWH WKHSHUIRUPDQFHRI WKHSURSRVHGZRUN
DQ H[SHULPHQWDO GHVLJQ VHWXS LV SUHVHQWHG 7KH UHVXOWV REWDLQHG DUH
FRPSDUHG ZLWK WKH FXUUHQW DOJRULWKPV DSSOLHG LQ QRLVH ZHE GDWD
UHGXFWLRQ SURFHVV 7KH H[SHULPHQWDO UHVXOWV VKRZ WKDW WKH SURSRVHG
ZRUN FRQVLGHUV WKH G\QDPLF FKDQJH RI XVHU LQWHUHVW SULRU WR




Keywords—:HE ORJ GDWDZHE XVHU SURILOH XVHU LQWHUHVW QRLVH
ZHEGDWDOHDUQLQJPDFKLQHOHDUQLQJ
, ,1752'8&7,21
2:$'$<6 WKH ZHE LV ZLGHO\ XVHG LQ HYHU\ DVSHFW RI
GD\ WRGD\ OLIH DGDLO\XVHRIZHE PHDQV WKDWXVHUVDUH
VHDUFKLQJ IRU XVHIXO LQIRUPDWLRQ >@>@ +RZHYHU HQVXULQJ
XVHIXOLQIRUPDWLRQLVDYDLODEOHWRDVSHFLILFXVHUKDVEHFRPHD
FKDOOHQJLQJ LVVXHGXH WR WKHDPRXQWRIQRLVHGDWDSUHVHQWRQ
WKHZHE >@1RLVH LQZHEGDWD LVGHILQHGDVDQ\GDWD WKDW LV
QRW SDUW RI WKH PDLQ FRQWHQW RI D ZHE SDJH >@ >@ )RU
H[DPSOH DGYHUWLVHPHQWV EDQQHUV JUDSKLFV ZHE SDJH OLQNV
IURP H[WHUQDO ZHE VLWHV HWF 1RLVH ZHE GDWD HOLPLQDWLRQ LV D
FRQFHSWZKLFKLQYROYHVGHWHFWLRQRIZHEGDWDWKDWQHHGVWREH
HOLPLQDWHG EHFDXVH LW HLWKHU GRHV QRW IRUP SDUW RI WKH PDLQ
ZHE SDJH FRQWHQW RU LV QRW XVHIXO WR D JLYHQ XVHU >@ ,W LV
UHFRJQLVHGLQWKHFXUUHQWUHVHDUFKZRUN>@WKDWWKHQRLVHZHE
GDWDUHGXFWLRQSURFHVVLVVLWHVSHFLILFLHLWLQYROYHVUHPRYDO
RIH[WHUQDOZHESDJHV WKDWGRQRW IRUPSDUWRI WKHPDLQZHE
SDJH FRQWHQW +RZHYHU WKLV ZRUN GRHV QRW IRFXV RQ WKH
VWUXFWXUH DQG OD\RXW RI ZHE GDWD WR LGHQWLI\ DQG HOLPLQDWH
QRLVHEXWLQVWHDGDNH\IRFXVLVRQH[WUDFWHGZHEORJGDWDWKDW
GHILQHV D ZHE XVHU SURILOH ,Q YLHZ RI WKLV UHVHDUFK QRLVH LV

- 2Q\DQFKD LV ZLWK WKH )DFXOW\ RI &RPSXWHU 6FLHQFH 8QLYHUVLW\ RI
6XQGHUODQG(GLQEXUJK%XLOGLQJ&KHVWHU5RDG6XQGHUODQG656'HPDLO
MXOLXVRQ\DQFKD#UHVHDUFKVXQGHUODQGDFXN
QRW QHFHVVDULO\ DGYHUWLVHPHQWV IURP H[WHUQDO ZHE SDJHV
GXSOLFDWHOLQNVDQGGHDG85/VRUDQ\GDWDWKDWGRHVQRWIRUP
D SDUW RI WKH PDLQ FRQWHQW RI D ZHE SDJH EXW DOVR XVHIXO
LQIRUPDWLRQ WKDW GRHV QRW UHIOHFW G\QDPLF FKDQJHV LQ XVHU
LQWHUHVWV
9DULRXV PDFKLQH OHDUQLQJ WRROVDOJRULWKPV DUH XVHG WR
GLVFRYHU XVHIXO LQIRUPDWLRQ IURP ZHE GDWD WKLV SURFHVV LV
UHIHUUHGWRDVZHEXVDJHGDWDPLQLQJSURFHVV>@>@,WILQGV
XVHU LQWHUHVW SDWWHUQV IURP ZHE ORJ GDWD :HE ORJ GDWD
FRQWDLQVDOLVWRIDFWLRQVWKDWKDYHRFFXUUHGRQWKHZHEEDVHG
RQDXVHU>@7KHVHORJILOHVJLYHDQLGHDDERXWZKDWDXVHULV
LQWHUHVWHG LQ DYDLODEOH ZHE GDWD :HE ORJ GDWD FRQWDLQ EDVLF
LQIRUPDWLRQVXFKDV,3DGGUHVVXVHUYLVLWGXUDWLRQDQGYLVLWLQJ





,Q D UHDO ZRUOG LW LV SUDFWLFDOO\ LPSRVVLEOH WR H[WUDFW ZHE
ORJGDWDDQGFUHDWHDZHEXVHUSURILOHIUHHIURPQRLVHGDWDA 




ZKDW WKH\ WKLQN DERXW DYDLODEOH ZHE GDWD ZKLOH LPSOLFLW
LQWHUHVW LVZKHUHWKHV\VWHPDXWRPDWLFDOO\ILQGVLQWHUHVWVRID
XVHUWKURXJKYDULRXVPHDQVVXFKDVWLPHDQGIUHTXHQF\RIZHE
SDJH YLVLWV >@ >@ 0DQ\XVHUV PD\ QRW EH ZLOOLQJ WR WHOO
WKHV\VWHPZKDWWKHLUWUXHLQWHQWLRQVDUHRQDYDLODEOHZHEGDWD
WKHUHIRUHWKLVZRUNZLOOIRFXVRQLPSOLFLWXVHULQWHUHVWV
&XUUHQW UHVHDUFK HIIRUWV LQ QRLVH ZHE GDWD UHGXFWLRQ KDYH
ZRUNHG ZLWK WKH DVVXPSWLRQ WKDW WKH ZHE GDWD LV VWDWLF >@
)RU H[DPSOH >@ >@ SURSRVHG D PHFKDQLVP ZKHUH QRLVH




SDWWHUQV XVHG WR LGHQWLI\ DQG HOLPLQDWH QRLVH IURP ZHE GDWD
PD\EHFRPHRXWRIGDWH)RUWKLVUHDVRQWKHG\QDPLFDVSHFWV
RI XVHU LQWHUHVW KDYH UHFHQWO\ EHFRPH LPSRUWDQW >@ >@
0RUHRYHU ZHE DFFHVV SDWWHUQV DUH G\QDPLF QRW RQO\ GXH WR











World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering
 Vol:12, No:1, 2018 

























































UHVHDUFK SURSRVHV D PDFKLQH OHDUQLQJ DOJRULWKP FDSDEOH RI
OHDUQLQJQRLVHLQZHEGDWDSULRUWRHOLPLQDWLRQ7KHSURSRVHG








x 7R SURSRVH D PDFKLQH OHDUQLQJ DOJRULWKP FDSDEOH RI
OHDUQLQJQRLVH LQDZHEXVHUSURILOHSULRU WRHOLPLQDWLRQ
(OLPLQDWLRQ RI QRLVH IURP D ZHE XVHU SURILOH GRHV QRW
RQO\ GHSHQG RQ SUHH[LVWLQJ QRLVH GDWD SDWWHUQV EXW LW
OHDUQV QRLVH OHYHOV EDVHG RQ G\QDPLF FKDQJHV LQ XVHU
LQWHUHVWDVZHOODVHYROYLQJZHEGDWD
x 7KHRXWFRPHRI WKHSUDFWLFDODSSOLFDWLRQRIWKHSURSRVHG
WRRO ZLOO UHGXFH WKH DPRXQW RI XVHIXO LQIRUPDWLRQ
HOLPLQDWHG DV QRLVH IURP D ZHE XVHU SURILOH 7KLV PD\
VLJQLILFDQWO\LPSURYHWKHTXDOLW\RIDZHEXVHUSURILOH
7KH UHVW RI WKLV SDSHU LV RUJDQLVHG LQWR WKH IROORZLQJ
VHFWLRQV 6HFWLRQ ,, SRVLWLRQV WKH SURSRVHG ZRUN EDVHG RQ
FXUUHQW UHVHDUFK ZRUN 6HFWLRQ ,,, GLVFXVVHV WKH SURSRVHG
1:'/ SURFHVV 6HFWLRQ ,9 LV H[SHULPHQWDO UHVXOWV DQG
DQDO\VLV)LQDOO\VHFWLRQ9LVWKHFRQFOXVLRQRIWKLVSDSHU
,, &855(175(6($5&+:25.
&XUUHQW WRROV GHYHORSHG WR LGHQWLI\ DQG HOLPLQDWH QRLVH
IURPZHESDJHVDUHPDLQO\EDVHGRQWKHYLVXDOOD\RXWRIZHE
SDJHV )RU H[DPSOH >@ SURSRVHG 6LWH 6W\OH 7UHH 667 WR
GHWHFWDQGHOLPLQDWHQRLVHGDWDIURPZHESDJHV667LVEDVHG
RQ DQ REVHUYDWLRQ WKDW WKH PDLQ ZHE SDJH FRQWHQW XVXDOO\
VKDUHV WKH VDPH SUHVHQWDWLRQ VW\OH DQG DQ\ RWKHU SDJH ZLWK
GLIIHUHQW SUHVHQWDWLRQ VW\OH LV FRQVLGHUHG DV QRLVH 7R
HOLPLQDWHQRLVHIURPZHESDJHV667VLPSO\PDSVWKHSDJHWR
WKHPDLQZHESDJHWRGHWHUPLQHLIWKHSDJHLVXVHIXORUQRLVH




FDQ EH FRQVLGHUHG QRLVH LI LWV SDWWHUQ LV GLVVLPLODU IURP WKH





GHWHUPLQHVSDJHV WKDWKDYH EHHQ IUHTXHQWO\YLVLWHGDQG WKRVH
SDJHV WKDW KDYH QRW EHHQ YLVLWHG RYHU D ORQJ SHULRG RI WLPH
+RZHYHUWKLVZRUNGRHVQRWIRFXVRQVWUXFWXUHDQGOD\RXWRI
ZHE GDWD WR LGHQWLI\ DQG HOLPLQDWH QRLVH EXW LQVWHDG D NH\
IRFXV LV RQ H[WUDFWHG ZHE ORJ GDWD WKDW GHILQHV D ZHE XVHU
SURILOH %DVHG RQ LVVXHV DGGUHVVHG LQ WKH SUHYLRXV VHFWLRQ
QRLVH LQ ZHE GDWD VKRXOGEH LGHQWLILHG DQG HOLPLQDWHG WDNLQJ
LQWRDFFRXQWXVHULQWHUHVWOHYHOVRQZHEGDWD&XUUHQWUHVHDUFK
ZRUNVKDYHDSSOLHGH[LVWLQJPDFKLQHOHDUQLQJWRROVDOJRULWKPV
WR ILQG XVHU LQWHUHVW GDWD DQG HOLPLQDWH QRLVH GDWD IURP
H[WUDFWHG ZHE GDWD ORJV )RU H[DPSOH >@ XVHG &DVH EDVHG
UHDVRQLQJ&%5DQG1HXUDO1HWZRUNWRHOLPLQDWHQRLVHIURP
ZHE ORJ GDWD &%5 LV D PDFKLQH OHDUQLQJ DSSURDFK ZKLFK
PDNHVXVHRISDVWH[SHULHQFHVWRVROYHIXWXUHSUREOHPVLHLW
GHWHFWVQRLVHIURPZHESDJHVXVLQJH[LVWLQJVWRUHGQRLVHGDWD
'LIIHUHQW QRLVH SDWWHUQV LQ ZHEVLWHV DUH VWRUHG LQ IRUP RI
'20WUHH WKHFDVHEDVHLV WKHQVHDUFKHGIRUVLPLODUH[LVWLQJ
QRLVH SDWWHUQV $UWLILFLDO 1HXUDO 1HWZRUN LV XVHG WR PDWFK
H[LVWLQJQRLVHSDWWHUQVVWRUHGLQ&DVH%DVHG(YHQWKRXJKWKLV









ZDV RQ ORFDO QRLVH IRU H[DPSOH DGYHUWLVHPHQWV EDQQHUV
QDYLJDWLRQDO OLQNV HWF :HE ORJ GDWD ZDV H[WUDFWHG DQG
VXUYH\HG WRZKLFKVHUYHU WKH\EHORQJ ,I WKHDGGUHVVEHORQJV
WRDOLVWRIDOUHDG\GHILQHGDGYHUWLVHPHQWVHUYHUWKHQWKHOLQN
LVUHPRYHG
'XH WR WKH G\QDPLF QDWXUH RI XVHU LQWHUHVWV DV ZHOO DV
HYROYLQJ ZHE GDWD H[LVWLQJ QRLVH GDWD SDWWHUQV PD\ EHFRPH
RXWRIGDWHDQGKHQFHGLIILFXOWWRLGHQWLI\DQGHOLPLQDWHQRLVH
IURPDZHEXVHUSURILOH7RGHWHUPLQHXVHU LQWHUHVW OHYHOVRQ




DV DGYHUWLVHPHQW EDQQHUV LPDJHV DQG VFUHHQ VDYHUV IURP
H[WUDFWHG ZHE GDWD ORJV 7KH\ XVHG 1DwYH %D\HVLDQ
FODVVLILFDWLRQPRGHOWRFODVVLI\XVHIXODQGQRLVHGDWDEDVHGRQ
DQXPEHURISDJHVYLHZHGDQGWLPHWDNHQRQDVSHFLILFSDJH
+RZHYHU VSHQGLQJ PRUH WLPH RQ D ZHE SDJH PD\ QRW
QHFHVVDULO\PHDQDXVHULVLQWHUHVWHG,IDXVHULVVWUXJJOLQJWR
ILQG LQIRUPDWLRQ RI LQWHUHVW KHVKH PD\ VSHQG PRUH WLPH





QXPEHU RI SDJHV YLVLWHG :KHUH SDJHV YLVLWHG RQO\ RQFH E\
RQO\ RQH XVHU WKH\ ZLOO EH DVVLJQHG ORZ ZHLJKWV DQG
VXEVHTXHQWO\FRQVLGHUHGQRLVH
:KLOHWKHDXWKRUVGLVFXVVHGLQWKLVVHFWLRQDLPHGDWILQGLQJ
XVHIXO LQIRUPDWLRQ IURP ZHE ORJ GDWD WKH\ FRQFHQWUDWHG RQ
HOLPLQDWLQJ QRLVH GDWD EDVHG RQ H[LVWLQJ QRLVH GDWD SDWWHUQV
DQG SDJH YLVLW GXUDWLRQ WR GHWHUPLQH LQWHUHVW OHYHO RI D XVHU
'HVSLWH HIIRUWV IURP FXUUHQW UHVHDUFK ZRUN WR DGGUHVV
SUREOHPV ZLWK QRLVH LQ H[WUDFWHG ZHE ORJ GDWD WKLV ZRUN
REVHUYHV VRPH FULWLFDO LVVXHV QRW IXOO\ DGGUHVVHG E\ FXUUHQW
UHVHDUFKZRUN)RUH[DPSOH7KH:HELVG\QDPLFZKHUHD
KLJKYROXPHRIGDWDLVSRVWHGDQGXSGDWHGHYHU\PLQXWH7KH
PDMRULW\ RI ZHE GDWD RQO\ UHPDLQV XVHIXO IRU D YHU\ VKRUW
SHULRGRIWLPH8VHULQWHUHVWVRQDYDLODEOHZHEGDWDWHQGWR
FKDQJH DV ZHE GDWD HYROYHV ,Q HVVHQFH ZHE XVHUV H[SUHVV
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LQWHUHVW LQ D EURDG UDQJH RI LQIRUPDWLRQ EDVHG RQ WLPH DQG
ZKDWLVKDSSHQLQJDURXQGWKHZRUOG7KHUHIRUHXVHULQWHUHVWV
FDQEHG\QDPLFDV WKHZHEHYROYHV2XU MXVWLILFDWLRQ IRU WKLV
FODLP LV WKDW LI QRLVH LQ ZHE GDWD LV QRW FOHDUO\ GHILQHG DQG




RI YLVLWV DQG WKH GHSWK RI D XVHU YLVLW RQ D JLYHQ ZHE SDJH
7KHVHPHDVXUHVZLOO LQIOXHQFHXVHIXOQHVVRIDZHESDJH WRD
XVHU UDWKHU WKDQ WKH UHODWLRQVKLS DPRQJ ZHE GDWD RQ D JLYHQ
ZHEVLWH
,,,352326('12,6(:(%'$7$/($51,1*1:'/
,Q WKLV VHFWLRQ D PDFKLQH OHDUQLQJ DOJRULWKP FDSDEOH RI
OHDUQLQJ QRLVH LQ D ZHE XVHU SURILOH SULRU WR HOLPLQDWLRQ LV
SURSRVHG$NH\IRFXVLVWROHDUQLGHQWLI\DQGHOLPLQDWHQRLVH
WDNLQJ LQWR DFFRXQW WKH G\QDPLF LQWHUHVW RI D XVHU DQG WKH
HYROYLQJ ZHE GDWD (OLPLQDWLQJ QRLVH LQ H[WUDFWHG ZHE ORJ
GDWDLVGHWHUPLQHGEDVHGRQZKDWDXVHULV LQWHUHVWHGDQGQRW
LQWHUHVWHG LQ ,W LVZLGHO\GLVFXVVHG LQFXUUHQW UHVHDUFKZRUN
>@>@>@>@WKDWWKHLQWHUHVWRIDXVHURQDZHESDJHLV
PHDVXUHG E\ KRZ RIWHQ WKH\ YLVLW WKDW SDJH KRZ ORQJ WKH\
VSHQGRQWKHSDJHKRZUHFHQWO\WKH\YLVLWHGWKHSDJHDQGWKH





A. Web User Profile 
$ XVHU SURILOH KDV D VHW RI 85/V WKDW UHSUHVHQW D XVHU
LQWHUHVW &UHDWLQJ D XVHU SURILOH LV EDVHG RQ D VHW ZHE SDJHV
DFFHVVHG E\ D XVHU WDNLQJ LQWR DFFRXQW UHOHYDQFH RI KLVKHU
LQWHUHVW 8VHU SURILOH GHQRWHG E\ ௝ܷ FRQWDLQV D QXPEHU RI
VHVVLRQV LH ௝ܷ   ଵܵǡ ܵଶǡ ǥ ௜ܵ ǥ Ǥ ூܵZKHUH ூܵDUHDQXPEHURI
XVHUVHVVLRQV7KH݅௧௛XVHUVHVVLRQLVGHILQHGDVDVHTXHQFHRI
DFFHVVHG SDJHV IRU WKH ݆௧௛ XVHU LH ௜ܵ௝  
(ݑݎ݈ଵǡ ݑݎ݈ଶǡ ǥ ݑݎ݈௞ ǥݑݎ݈௄) ZKHUH ݑݎ݈௄ LV WKH QXPEHU RI ZHE
SDJHVIRUWKH݆௧௛XVHU
$IWHU FUHDWLQJ DXVHUSURILOH WKLV ZRUN OHDUQV XVHU LQWHUHVW
OHYHOV RQ YLVLWHG ZHE SDJHV VR DV WR GHWHUPLQH XVHIXO
LQIRUPDWLRQIURPQRLVHGDWD9DULRXVPHDVXUHVDUHFRQVLGHUHG






B. Learning of User Interest 
7KH FXUUHQW UHVHDUFK ZRUN >@ UHFRJQLVHV WKDW LW LV
LPSRUWDQW WR OHDUQ XVHU LQWHUHVW OHYHO WR ILQG XVHIXO
LQIRUPDWLRQ 7KLV FDQ EH GRQH E\ FROOHFWLQJ XVHU ORJ GDWD
DQDO\]LQJ LW DQG VWRULQJ WKH UHVXOWV LQ D XVHU SURILOH 8VHU
LQWHUHVWUHOLHVRQWKHEDVLVWKDWWKHYLVLWLQJWLPHRIDZHESDJH
LV DQ LQGLFDWRU RI D XVHU¶V LQWHUHVW OHYHO >@ 7KH DPRXQW RI
WLPHVSHQWLQDVHWRIZHESDJHVUHTXHVWHGE\WKHXVHUZLWKLQD
VLQJOHVHVVLRQUHIOHFWVWKHLQWHUHVWRIWKDWXVHU,QDGGLWLRQ>@




RQ SDJH YLVLW GXUDWLRQ DQG IUHTXHQF\ RI YLVLW DORQH )RU
H[DPSOH KLJK IUHTXHQF\ RI YLVLW WR D ZHE SDJH PD\ HLWKHU
UHIOHFWDXVHUVWUXJJOLQJWRILQGXVHIXOLQIRUPDWLRQRUEDVHGRQ
ZHEVLWH OD\RXW KHVKH LV IRUFHG WR YLVLW VRPH SDJHV EHIRUH
DFFHVVLQJ LQWHUHVWHG RQHV 7KHUHIRUH WKH SURSRVHG ZRUN




3DJH YLVLW GXUDWLRQ LV RQH RI WKH PHWULFV ZLGHO\ XVHG E\
FXUUHQWUHVHDUFKZRUNWRPHDVXUHXVHULQWHUHVWOHYHORQDZHE
SDJH >@ 3DJH YLVLW GXUDWLRQ LV WKH DPRXQW RI WLPH D XVHU
VSHQWYLHZLQJDZHESDJHLWUHIOHFWVWKHUHODWLYHLPSRUWDQFHRI
HDFKSDJHWRWKH݆௧௛XVHU*HQHUDOO\DXVHUVSHQGVPRUHWLPH
RQ D PRUH XVHIXO SDJH LI D XVHU LV QRW LQWHUHVWHG LQ D SDJH
KHVKHZLOOH[LWRUPRYHWRDQRWKHUSDJH7KHUHIRUHSDJHYLVLW
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DUJXH WKDW FDOFXODWLRQ RI SDJH YLVLW GXUDWLRQ LV D ELW VNHZHG
EHFDXVHLW LVQRWSRVVLEOHWRGHWHUPLQH WKH WLPHDXVHUH[LWVD
ZHESDJHDVLW LVDOZD\V7KHUHIRUHWKHODVWSDJHYLVLWHGLV
QRWFRXQWHGDVDSDUWRISDJHYLVLWGXUDWLRQEXWLQWKHQXPEHU
RI SDJHV YLVLWHGYLHZHG 7KH QXPEHU RI SDJH YLHZV ܸܰܲሻ
UHSUHVHQWV WKH QXPEHU RI WLPHV D XVHU YLHZV D VSHFLILF ZHE
SDJHLQ݅௧௛VHVVLRQ
'HILQLWLRQ  /HQJWK RI XVHU LQWHUHVW RQ ݇௧௛ ZHE SDJH LV
GHWHUPLQHGE\WKHWLPHWDNHQE\WKH݆௧௛XVHURQ݇௧௛ZHESDJH




௞ܶ௝ ൌ෎  I்?I?I?ே௉௏I?I?ି ଵ ூI?௜ୀଵ    
 
ZKHUH୩୨ /HQJWKRIYLVLWRQZHESDJHE\୲୦XVHU୨ ൌ୲୦
XVHU VHVVLRQ IRU WKH ୲୦ XVHU SURILOH ୨   7RWDO QXPEHU RI
VHVVLRQVIRU ୲୦XVHUSURILOH୩I?୨ ൌ7RWDO WLPHGXUDWLRQRQ୲୦
ZHESDJHE\୲୦XVHULQ୲୦VHVVLRQ୧୨ െ 	 ? 7RWDOQXPEHURI
SDJHYLHZVE\WKH୲୦XVHULQ୲୦VHVVLRQ
)UHTXHQF\RID8VHU9LVLW
'HILQLWLRQ  )UHTXHQF\ RI D XVHU YLVLW WR D ZHE SDJH LV
GHWHUPLQHGE\ WKHQXPEHURI WLPHV݇௧௛ZHESDJHDSSHDUV LQ݅௧௛VHVVLRQIRUWKH݆௧௛XVHU)UHTXHQF\RIWKH݆௧௛XVHURQD݇௧௛
ZHESDJHLVSUHVHQWHGLQWKHIROORZLQJHTXDWLRQ
 ܨݎ݁ݍ௞௝ ൌ ෍ ௎௥௟I?I?I?I?I?I?I?ூI?    

ZKHUH	୩୨ ൌIUHTXHQF\RIYLVLW IRU WKH ୲୦XVHURQ୲୦ZHE
SDJH෎ ୩୨୏I?୨ୀଵ  WKHQXPEHURIWLPHV୲୦ZHESDJHDSSHDUV
LQWKH୲୦XVHUSURILOHDQG୨ WRWDOQXPEHURIVHVVLRQVIRUWKH୲୦XVHUSURILOH 
'HWHUPLQH:HLJKWRI݇௧௛:HE3DJH 
'HILQLWLRQ7KHZHLJKWV VLJQLI\ WKH LPSRUWDQFHRI WKH ݇௧௛ 
ZHESDJHLQ ݆௧௛XVHUSURILOH7KHZHLJKWRI ݇௧௛ZHESDJH LV
WKH LQWHUHVW GHJUHH RI WKH ݆௧௛ XVHU RQ ݇௧௛ ZHE SDJH LW LV
GHQRWHG DV ௞ܹ௝ ZKLFK LV GHWHUPLQHG E\ WKH OHQJWK DQG
IUHTXHQF\RIWKH݆௧௛XVHUYLVLWXVLQJWKHIROORZLQJHTXDWLRQ

௞ܹ௝ ൌ෎ ௞ܶ௝ כ ܨݎ݁ݍ௞௝ ௃௝ୀଵ   
 
ZKHUH୩୨ ZHLJKWRI୲୦ZHESDJHIRUWKH୲୦XVHU୩୨ /HQJWK




YLHZHG E\YLVLWRUVGXULQJD VLQJOHEURZVHU VHVVLRQ >@7KH
GHSWKRIWKH݆௧௛XVHUYLVLWRQ݇௧௛ZHESDJHLVDQLQGLFDWRURID
XVHU LQWHUHVW OHYHO 7KH SURSRVHG WRRO FRQVLGHUV WKH GHSWK RI
WKH݆௧௛XVHUYLVLWQRWRQO\LQWHUPVRIDQXPEHURISDJHYLHZV
EXW WKH URXWHDXVHU WDNHV WRQDYLJDWH WKURXJKDZHEVLWH7KH݆௧௛ XVHU FUHDWHV D SDWK RI SDJH YLHZV ZKHQ VHDUFKLQJ IRU
LQIRUPDWLRQ RQ D VSHFLILF ZHEVLWH )RU H[DPSOH D XVHU PD\
HQWHUDZHEVLWHIURPKRPHSDJHEXWRQO\LQWHUHVWHGLQILQGLQJ
GHOLYHU\ FKDUJHV IRU D VSHFLILF LWHP XQGHU DFFHVVRULHV (YHQ
WKRXJKWKH݆௧௛XVHULVOLNHO\WRYLVLWRWKHUZHESDJHVWRJHWWR
WKHLQIRUPDWLRQRILQWHUHVW LW LVGLIILFXOW WRDVVXPHWKDWHYHU\
SDJH YLVLW LV RI D XVHU LQWHUHVW XQOHVV PHDVXUHV VXFK DV WLPH
GXUDWLRQDQGIUHTXHQF\WRYLVLWRYHUDQXPEHURIVHVVLRQVDUH
FRQVLGHUHG 7KHUHIRUH WKH SDWK WDNHQ E\ WKH ݆௧௛ XVHU IURP









 LI WZR ZHE SDJH IURP WKH VDPH FDWHJRU\ DUH ERWK LQFOXGHG LQ݅௧௛VHVVLRQ




 LIIODJB/LQN  





,Q WKLV ZRUN ZHE SDJH FDWHJRU\ LV GHILQHG DV D VHW RI
UHODWHG ZHE SDJHV 7KH ZHLJKW RI D ZHE SDJH FDWHJRU\ LV
GHWHUPLQHGEDVHGRQWKHIUHTXHQF\RIXVHUYLVLWVWRDSDUWLFXODU
ZHESDJHFDWHJRU\7KHPRUH IUHTXHQWDXVHUYLVLWV WKHVDPH
FDWHJRU\ WKHKLJKHU WKH OHYHORI LQWHUHVW8QOLNH IUHTXHQF\RI
YLVLWWR݇௧௛web page GLVFXVVHGLQWKHIUHTXHQF\RIYLVLWWR
D ZHE SDJH FDWHJRU\ GHWHUPLQHV LI D XVHU LV LQWHUHVWHG LQ
LQIRUPDWLRQIURPDJLYHQFDWHJRU\RIZHEGDWD)RUH[DPSOHD
KLJK QXPEHU RI YLVLWV WR IRRWZHDU ZHE SDJHV XQGHU PHQ
FDWHJRU\GHSLFW LQWHUHVW RQ LQIRUPDWLRQ UHJDUGLQJ PHQ VKRHV
%DVHG RQ WKLV FRQFHSW WKH ZHLJKWRI DZHESDJHFDWHJRU\ LV
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/HWXVQRZFRQVLGHUIUHTXHQF\RI WKH ୲୦XVHU WR݉௧௛85/
FDWHJRU\XVLQJWKHIROORZLQJHTXDWLRQ
 ܨݎ݁ݍ௠௝ ൌ  	? ஼I? I?I?I?I?I?ூI?    

ZKHUHܨݎ݁ݍ௠௝    IUHTXHQF\ RI DFFHVV IRU WKH ୲୦XVHU WR݉௧௛
85/FDWHJRU\෍ ܥ௠௄I?௝ୀଵ  QXPEHURI݇௧௛ZHESDJHRI݉௧௛
FDWHJRU\IRUWKH݆௧௛XVHUDQGܫ௝ WRWDOQXPEHURIVHVVLRQVIRU
WKH୲୦XVHUSURILOH
C. Learning Noise Web Data 




REMHFWZKLOHDQREMHFW LVDQ LQVWDQFHRIDFODVV)RUH[DPSOH݇௧௛ ZHE SDJH LQ WKH ݆௧௛ XVHU SURILOH LV DVVLJQHG WR D FODVV
EDVHGRQWKHOHYHORILQWHUHVWܥܮ ^݈ܿଵǡ ݈ܿଶǡ Ǥ Ǥ ݈ܿ௡ǡ ǥ ǡ ݈ܿே`LVDVHW RI SUHGHILQHG FODVVHV )RU LOOXVWUDWLYH SXUSRVHV OHW XV
















7KLV SDSHU GHPRQVWUDWHV WKH SHUIRUPDQFH RI WKH SURSRVHG
WRRO RYHU ZHOONQRZQ DOJRULWKPV DSSOLHG LQ QRLVH ZHE GDWD
UHGXFWLRQ SURFHVV 7KH H[SHULPHQWDO GHVLJQ DLPV WR
GHPRQVWUDWH KRZ QRLVH LQ ZHE GDWD LV LGHQWLILHG DQG
HOLPLQDWHGE\H[LVWLQJDOJRULWKPVDQGWKHSURSRVHGDOJRULWKP
WDNLQJ LQWR DFFRXQW FKDQJHV LQ XVHU LQWHUHVWV )LUVWO\ WKH
FKRLFH RI WKH GDWDVHW DQG YDULRXV WDVNV FDUULHG RXW LQ WKLV
H[SHULPHQW DUH SUHVHQWHG DQG GLVFXVVHG 6HFRQGO\ WKH
SHUIRUPDQFHRIWKHSURSRVHGDOJRULWKPLVGHPRQVWUDWHGE\WKH
UHVXOWV REWDLQHG IURP H[SHULPHQWV FDUULHG RXW )LQDOO\ WKH
UHVXOWV IURP H[LVWLQJ DOJRULWKPV DQG WKHSURSRVHG DOJRULWKPV
DUH FRPSDUHG 7KLV LV WR YDOLGDWH WKH SHUIRUPDQFH RI WKH
SURSRVHGDOJRULWKPRYHUWKHH[LVWLQJDOJRULWKPV




ZHEVLWH WR GHWHUPLQH G\QDPLF FKDQJHV RYHU WKH VSHFLILHG
SHULRG$QXPEHURIFXUUHQWPDFKLQH OHDUQLQJDOJRULWKPVDUH
FRQVLGHUHG LQ WKLV ZRUN WR YDOLGDWH WKH SHUIRUPDQFH RI WKH
SURSRVHG DOJRULWKP 7KH REMHFWLYH RI WKLV H[SHULPHQWDO
GLUHFWLRQ LV WR GHPRQVWUDWH LI H[LVWLQJ WRROV LGHQWLI\ DQG
FODVVLI\ H[WUDFWHG ZHE ORJ GDWD LQ UHODWLRQ WR YDU\LQJ XVHU
LQWHUHVWRQZHESDJHVYLVLWHG:HYDOLGDWHWKHSHUIRUPDQFHRI







7R HYDOXDWH WKH SURSRVHG DOJRULWKPV LQ WHUPV RI
FODVVLILFDWLRQSHUIRUPDQFHZHGLYLGHWKHGDWDVHWLQWRWUDLQLQJ
DQGWHVWGDWD:HSHUIRUPWHQIROGFURVVYDOLGDWLRQDQGUHSRUW
WKH FODVVLILFDWLRQ SHUIRUPDQFH LQ WHUPV RI 3UHFLVLRQ DQG
5HFDOO7KHFKRLFHRIFURVVYDOLGDWLRQLVWRLWHUDWHVHSDUDWLRQV
LQWR D WUDLQLQJ VHW DQG WHVW VHW LQ RUGHU WR JHW PRUH UHOLDEOH
UHVXOWVLQWHUPVRIFODVVLILFDWLRQDFFXUDF\
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B. Experimental Results  
7KH SURSRVHG WRRO DLPV WR GHPRQVWUDWH KRZ G\QDPLF
FKDQJH LQ XVHU LQWHUHVW DIIHFWV WKH HOLPLQDWLRQ RI QRLVH LQ D
ZHEXVHUSURILOH$VVKRZQLQ)LJG\QDPLFFKDQJHVLQXVHU
LQWHUHVWV WR D VSHFLILF ZHE SDJH FDWHJRU\ DUH REWDLQHG XVLQJ
 8QOLNH FXUUHQW DOJRULWKPV HOLPLQDWLQJ QRLVH IURP ZHE
GDWD LQDXVHUSURILOH LVGHWHUPLQHGEDVHGRQFKDQJHV LQXVHU
LQWHUHVW RYHU WLPH DQG QRW H[LVWLQJ QRLVH GDWD SDWWHUQV )RU
H[DPSOHLQZHHNRQHWKH݆௧௛XVHUYLVLWWRVSRUWVFDWHJRU\ZDV
QRQH ZKLFK PHDQV LW LV FRQVLGHUHG DV QRW XVHIXO %XW RYHU
WLPH D XVHU KDV YLVLWHG WKH FDWHJRU\ LI H[LVWLQJ QRLVH GDWD
SDWWHUQV ZLOO EH XVHG WR HOLPLQDWH QRLVH LQ ZHE GDWD WKHQ
XVHIXO LQIRUPDWLRQ LV OLNHO\ WR EH HOLPLQDWHG )UHTXHQF\ DQG
GXUDWLRQRIDXVHUYLVLWWRDZHESDJHDORQHFDQQRWGHWHUPLQH
WKH OHYHO RI D XVHU LQWHUHVW 7KHUH LV D SRVVLELOLW\ WKDW D XVHU





OHDUQLQJ DOJRULWKPV DV VKRZQ LQ )LJ  ZDV WR HVWDEOLVK D
EDVHOLQH DPRQJ WKHP IRU WKH JLYHQ GDWD VHW $ EDVHOLQH LV D
PHWKRGWKDWXVHVPDFKLQHOHDUQLQJWRFUHDWHSUHGLFWLRQVIRUD






C. Evaluation of Results  
,Q WKLV VHFWLRQ ZH DQDO\VH WKH H[SHULPHQWDO UHVXOWV RI WKH
SURSRVHG DOJRULWKP LQ WHUPV RI FODVVLILFDWLRQ DFFXUDF\
$FFXUDF\ LV WKH IUDFWLRQ RI FRUUHFW FODVVLILFDWLRQ RXW RI WRWDO
SRVVLEOHGDWDFODVVLILFDWLRQLQDZHEXVHUSURILOH$OWKRXJKLWLV








SURSRVHG DOJRULWKPWRRO LV FRPSDUHG DJDLQVW D baseline 
PDFKLQH OHDUQLQJ DOJRULWKP DV VKRZQ LQ )LJ  &RQIXVLRQ
PDWUL[ VKRZV GLIIHUHQW UHVXOWV ZKHQ FRPSDULQJ WKH
SHUIRUPDQFH RI WKH SURSRVHG DOJRULWKP DJDLQVW FXUUHQWO\
DYDLODEOHWRROVProcess 1VKRZVWKHUHVXOWVIURPH[LVWLQJWRROV
ZKLOH SURFHVV  VKRZV UHVXOWV REWDLQHG IURP WKH SURSRVHG
DOJRULWKP 5HVXOWV IURP SURFHVV 2 VKRZ LQFUHDVH LQ SRWHQWLDO
QRLVHEXWGHFUHDVHLQQRLVHJLYHQWKHIDFWWKDWZHESDJHVZLWK
QR NQRZQ XVHU LQWHUHVW EXW ZKRVH FDWHJRU\ DUH NQRZQ KDYH
EHHQFRQVLGHUHGDVSRWHQWLDOQRLVH7KHDFFXUDF\LVWKHVXPRI
DOO WKH QXPEHUV RQ WKH GLDJRQDO GLYLGHG E\ WKH VXP RI DOO
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$PDFKLQH OHDUQLQJDOJRULWKPFDSDEOHRI OHDUQLQJQRLVH LQ
ZHEGDWDSULRUWRHOLPLQDWLRQLVSURSRVHG7KHVWDUWLQJSRLQWRI
WKLV SDSHU GHILQHV DQG LGHQWLILHV FKDOOHQJHV ZLWK FXUUHQW
UHVHDUFK ZRUN LQ WKH QRLVH ZHE GDWD UHGXFWLRQ SURFHVV )RU
H[DPSOH HOLPLQDWLRQ RI QRLVH LQ ZHE GDWD LV EDVHG RQ SUH
H[LVWLQJ QRLVH GDWD SDWWHUQV DQG ZKHQ XVHU LQWHUHVWV FKDQJH
WKHVWRUHGQRLVHGDWDSDWWHUQVFDQORQJHUEHUHOLHGDQGKHQFH
QRWUHOHYDQW0RUHRYHUFXUUHQWUHVHDUFKZRUNVFRQVLGHUQRLVH





G\QDPLF FKDQJHV LQ XVHU LQWHUHVWV E\ OHDUQLQJ WKH GHSWK RI D
XVHU YLVLW LQ D VSHFLILF ZHE SDJH LV SUHVHQWHG 6HFRQGO\ DQ
DOJRULWKP WKDW OHDUQV QRLVH ZHE GDWD WDNLQJ LQWR DFFRXQW
FKDQJHVLQXVHULQWHUHVWVDQGHYROYLQJZHEGDWD7KHSURSRVHG
DOJRULWKP LV DEOH WR LGHQWLI\ ZKDW XVHUV DUH LQWHUHVWHG LQ D
JLYHQWLPHKRZWKH\DUHVHDUFKLQJDQGLIWKH\DUHLQWHUHVWHGLQ
ZKDWWKH\VHDUFKLQJSULRUWRHOLPLQDWLRQ)LQDOO\WKHSURSRVHG
WRRO FRQWULEXWHV WRZDUGV LPSURYLQJ WKHTXDOLW\RI DZHEXVHU
SURILOH
$&.12:/('*0(176
6SHFLDO WKDQNV WR WKH8QLYHUVLW\RI6XQGHUODQG)DFXOW\RI
&RPSXWHU 6FLHQFH IRU WKH FRQWLQXHG VXSSRUW LQ P\ UHVHDUFK
ZRUN
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